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ABSTRACT 

The photopolarimeter  on IS0  (ISOPHOT) has been 
used to  investigate  the  dust discs around  the four 
prototype Vega-like stars (Vega ( a  Lyr), j3  Pic, a 
PsA  and 6 Eri and several main  sequence stars  with 
excess infrare d emission  from  IRAS data. Mapping 
at  60pm and 90 pm showed that  the four  prototypes 
were resolved, as were several candidates. High res- 
olution linear scans were made across the discs of 
Vega (AOV), j 3  Pic  (A5V), HD169142  (A5Ve) and 
HD142666 (A8Ve). Deconvolved disc sizes, at  60pm 
are given  for  Vega, p Pic,  and HD142666; the disc 
around HD169142  was not  resolved at  the position 
angle  scanned. The results  confirm the cool, ten- 
uous discs around  the  prototypes,  and show that 
the younger candidate  stars have  larger,  more mas- 
sive discs. Using a distance  estimate of 288 PC for 
HD142666, the disc was calculated  to have  a  radius 
of about 1100 AU, and  a  mass of possibly  0.01 Mc 
from  the scan and map  data. 
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1. INTRODUCTION 

The photopolarimeter,  ISOPHOT (see Lemke et  al. 
1996  for information), on IS0  (Kessler et  a].  1996), 
has been  used to  investigate  the  dust discs around  the 
four  prototype Vega-like stars, Vega (0  Lyr) ,  p Pic, 
Q PsA,  Eri, (see for example  Backman I%. Paresce 
(1993) for details)  and several main-sequence  candi- 
date  stars with excess infrared  emission  (from  IRAS 
fluxes), Walker k Wolstencroft (1988).  The  area 
around  the  star was mapped  at  60pm  and  90pm  to 
investigate  the  spatial  extent of the  dust. A new 
technique was developed during  the IS0 mission, 
which fully exploited  the excellent pointing  accuracy 
of ISO, and ISOPHOT  made high resolution linear 
scans across the discs of Vega (AOV), ijl Pic (ASV), 
HDl69142 (ASVe),  and HD142666 (.48Ve). Addi- 
tionally, ISOPHOT was  used to determine flux den- 
sities of the  prototypes  and  candidates,  from 3pm 
to  240pm, and observations  with  the low resolution 

spectrometer,  ISOPHOT-S (see Klaas  et al. 1997 for 
details) gave  an  indication of the  type of circumstel- 
lar  dust, usually  silicate  dust,  or PAH emission,  or 
both  (where  the  grain size is  small). 

The  data were reduced from  the raw data  stage 
(ERD) using  PIA v7, to  ensure the  most recent cali- 
bration files  were accessed. The  maps were calibrated 
at  the  start  and end of each map,  and each data point 
was calibrated by interpolation.  The  60pm  map of 
HD142666  was calibrated using the  orbit-dependent 
default responsivity, due  to a premature  termina- 
tion of the  observation (no map  data were taken 
at  SOpm), and the  data for HD169142 were pro- 
cessed using the  orbit-dependent  default responsivity, 
due  to  saturation of the  internal  calibration source. 
HD144432 was not  observed in mapping  mode. 

2. RESULTS 

Table  1  shows  whether  the  dust discs around  the 
Vega-like candidates were resolved at  60pm and 
90pm. Only the z-axis is considered here, and  the 
Table gives the position  angle. It is difficult to  deter- 
mine  the sizes in the y-direction due  to  instrumental 
effects, several maps in Figure  1  and  Figure  2 show 
a  'ghost'  on  the  y-axis of the  map  due  to  the  chop 
per effects. 49 Cet in Figure  2 is not resolved, and 
indicates  the size of the  beam profile at  60pm.  The 
disc around E Eri  was  resolved at  90pm, but  only 
marginally resolved at  60pm see Figure 1). The 
disc around HD142666  is  very c I early  elongated,  and 
must,  be massive if the  distance  estimate is correct 
(288pc). 

Vega  was  resolved at  60pm (Heinrichsen et al.  1997), 
using the high resolution linear scan, as was ,J 
Pic at  25pm and 60pm (Heinrichsen et  al.  1998). 
HD142666  was  resolved at 60pm, with  a deconvolved 
disc size of 7.8 arcsec. HD169142 was not resolved at 
the  position  angle used (see  Table 1). 

ISOPHOT was used to  obtain flux densities for the 
prototypes  and  candidates,  from  3 - 240 p m ,  so that 
the  temperature and  emissivity law  for  t,he  cool dust 
emission can be determined. Many basic stellar pa- 
rameters have  been improved  since IRAS, due  to 





Figure 2. 6Opm  mups of 49 Cet ( b w e r  left), HD98800  (lower riyht)? HD1691jl  (upper left) clnd HD141666 
(upper riyht). 



Table 1 .  Dust disc sizes from the tnapping and high resolution scans. 

Star D Sp.type  spectrum  map  size  z-angle  scan  angle T emissivity 
(6  - 11.6 pm) 6 0 / 0  (z-axis) ( 6 0 p r n )  ,\ 

(PC) (arcsec) ( " )  (arcsec) ( O )  (OK)  

e Eri 3.22  Ii2V  photosphere N/27 71.8 

Vega 7.76 AOV photosphere  22/36  112.2  19 103 73 
-1 

13 Pic  19.28  A5V  silicate YI  Y 43.1  12.4  30  85 -1 
- 1 . 1  

01 PsA 7.69  A3V  photosphere  27/37  59.0 57 

HD98800 
49 Cet 
HD34700 
HD139614 
HD144432 
HD142666 
HD169142 
HD135344 

K5Ve 
A3V 
GOV 
A7Ve 
A9/FOVe 
A8Ve 
A5Ve 
F4Ve 

silicate 
photosphere 
PAH 
cool  dust 
silicate 
silicate+PAH 
PAH 
silicate 

Y / Y  125.1 
N / N  75.2 
N/N 58.3 103 0 
Y / Y  109.6 

Y / X X  

N / N  84.7 (4.0) 90 
N / N  107.4 

xxxx 
101.6  7.8  102 

The distance is that given  by Hipparcos if available, or the Walker & Wolstencroft estimate in  brackets. 
The  map size (the deconvolved Gaussian  width)  is  measured  in  the z-direction on  the  60pm  and  90pm  maps, 

The z-angle is the position  angle of the z-axis relative to  North in the equatorial  coordinate  system. 
The scan  (size) is the deconvolved Gaussian  width a t  60pm  from  the high  resolution scan, where  available. 
The  dust  blackbody  temperature  and emissivity law are given, where they  have been calculated  from 

or an  indication as to  whether  the disc is resolved in the z-direction (Y) or not  (N). 

the  ISOPHOT  photometry between 60pm  and  240pm. 

modelling and new Hipparcos  distances.  These data, 
when combined with  the  spatial  information, will  give 
dust masses for the discs. The observations  with the 
low resolution spectrometer,  ISOPHOT-S, give an in- 
dication of the  type of dust (usually  silicate dust or 
PAH emission, or both) unless the  grains were large 
(e.g. HD139614). The silicate emission feature for 
HD144332 is sharper  than for the  other  stars, remi- 
niscent of that found  around  certain T Tau  stars. 
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